I[ntroduction]{.smallcaps} {#sec1-1}
==========================

Exposure to too much noise is a profession-related health problem in the world which may have a wide range of social and physiological consequences, for example, anatomical, nonauditory and auditory impacts.\[[@ref1]\] Contact with excessive noise can cause noise-induced hearing loss (NIHL), an auditory effect that results in hearing threshold shifts and speech perception deterioration.\[[@ref2][@ref3]\] Noise exposure can also affect workers' health in nonauditory ways. These nonauditory damages hurt the autonomic nervous system, causing increased skin temperature and pulse rate, higher blood pressure, constriction of blood vessels, abnormal secretion of hormones, and tense muscles.\[[@ref2][@ref4]\] The inner ear is the body part that is mainly influenced by noise exposure, causing mechanical, and metabolic changes that gradually lead to NIHL. These anatomical and physiological impacts, which stem from the overstimulation of the inner ear through high energy transfer, lead to mechanical damages to the sensitive parts of the OHCs in the cochlea.\[[@ref5][@ref6]\] Aldosterone is a mineralocorticoid (MC) released from the zone glomerulus of the adrenal cortex.\[[@ref7]\] The MC receptor of the inner ear is in charge of controlling the homeostasis of the endolymph, a process that is exercised through ion channels and transporters which exist in the cochlear duct cells.\[[@ref8][@ref9]\] Aldosterone is responsible for increasing sodium reabsorption mainly through regulating the enzyme Na, K-ATPase. This enzyme has been identified in the inner ear epithelium. This regulatory process is indicative of possible hormonal modulation of endolymph secretion and fluid homeostasis, despite the fact that the action on spiral ganglion cells is unknown. Lack of circulating adrenal hormones does not result in any electrophysiological changes in inner ear fluids; in contrast, it decreases endolymph volume.\[[@ref10][@ref11][@ref12]\] Aldosterone has a crucial function in maintaining the homeostasis of the inner ear.\[[@ref13][@ref14]\] According to the results of some studies, the decline of serum aldosterone level may lead to hearing loss.\[[@ref14][@ref15]\] Although no justification has been provided, the decreased serum aldosterone concentration, which influences the expression of Na, K-adenosine triphosphatase (ATPase), and Na--K--Cl contransporter on the cell membranes of the inner ear cells, has to do with disrupted homeostasis of endolymph because of abnormal K+ regeneration in the cochlea.\[[@ref16]\] In pathological conditions, changes in the level of serum potassium can lead to more damages to the outer hair cells rather than inner hair cells and auditory nerve fibers.\[[@ref2][@ref17]\] Aldosterone is the cause of improvement in the cochlear ion cycle, especially in vascular strip.\[[@ref18]\] In mice with autoimmune hearing loss, aldosterone treatment's effect on improving hearing thresholds and reversal of the pathology in the stria vascularis has been similar to that of prednisolone.\[[@ref19]\] Tadros *et al.* have demonstrated that older people with lower levels of aldosterone (but still in the clinically normal range) have worse hearing thresholds compared to individuals whose aldosterone levels are in the upper middle of the normal range. Therefore, aldosterone may have a protective function in the cochlea.\[[@ref16]\]

Several research projects have investigated the relationship between age-related hearing loss (presbycusis) and aldosterone levels.\[[@ref20]\] Nevertheless, only a handful of studies has concentrated on the possible impacts of noise exposure on the secretion of aldosterone levels.

It is concluded that the sound pressure level (SPL) affects aldosterone level, aldosterone regulates the levels of serum sodium and serum potassium, and the balance of potassium ion is crucial for the safety of outer hair cells. The present study was, therefore, designed to:(1)Assess and compare the serum aldosterone level of rats in the control group which was exposed to an SPL of 65 dBA and that of the rats in the case group (which was exposed to SPLs of 85, 95, and 105 dB) during various exposure times.(2)Assess the effect of various potassium levels of the used water (0.1 and 8 mg/L) on the level of rats' serum aldosterone.(3)Present a model for determining the level of serum aldosterone in rats based on the combined effects of SPL, exposure time, and the potassium level of the used water.(4)Investigate the possibility of using serum aldosterone as a feasible biomarker of noise-induced stress in rat.

M[aterials and methods]{.smallcaps} {#sec1-2}
===================================

Experimental animals {#sec2-1}
--------------------

For the purpose of this study, 45 adult male Sprague-Dawley rats were purchased from Pasteur Research Institute. Their ages ranged from 3 to 4 months, and they weighed 200 ± 50 g. They were kept in the animal unit of the School of Health, Tehran University of Medical Sciences, until the study began. The rats were exposed to a photoperiodic cycle of 12 h of light phase and 12 h of dark phase, with the temperature being around 23±2°C. They had free access to water and food for animals. All the principles of the Declaration of Helsinki about conducting experiments on laboratory animals were observed.

Before the study, the health of rats' auditory system was investigated through two procedures:(1)Rats' external auditory canal and eardrum was examined by the use of an otoscope (model 97150-BI, Welch Allyn CO., New York, USA). Rats were excluded from the study if some defects (e.g., excessive secretion of earwax/cerumen) were observed in their ears.(2)A specific sound was created around the rats' ear. If the rats had responses as a result of being exposed to the sound, it indicated that their ears were healthy. Conversely, if no response was observed in rats, it was a sign for some defect in their auditory system. Rats with problematic auditory systems were excluded from the study through this screening process.

Instruments for noise exposure {#sec2-2}
------------------------------

Experiments on animals were conducted in a four-cell chamber with high efficiency. It was an echo chamber with the dimensions of 40 × 50 × 60 cm. In this echo chamber, sound energy was equally distributed in all directions, meaning that animals would receive an equal amount of sound no matter where they were in this chamber. During the exposure time, the room air must be replaced at a rate of 12 times/h (based on recommended conditions for taking care of animals).\[[@ref21]\] Therefore, a ventilation with a flow of 24 L/min was installed in the chamber. This ventilation consisted of an environmental pump and a flow meter used to control the flow rate. During the experiment, the chamber's temperature was 25 ± 2°C, and the moisture content was 50%. It should be noted that in each cell, there were three rats that were equally exposed to noise.

The software and source of noise generation {#sec2-3}
-------------------------------------------

First of all, Signal was used to produce white noise. Cool Edit Pro (version 1-2, manufactured by Syntrillium Software Corporation in the United States in 1999--2000) was utilized to play the noise files. Two speakers (model PROBIT, BIT PARDAZ CO., Tehran, Iran) were used to generate the noise. The speakers had an input--output resistance of impedance: 4 (ohms) power: 5 (W) that was directly amplified through an amplifier (model ES-2000s, ES-Pro Audio CO., Taipei, Taiwan) made in Taiwan. The speakers were positioned in the chamber ceiling in a way that they were symmetrical compared to the center of the ceiling.

Sample size calculation {#sec2-4}
-----------------------

Based on previous studies,\[[@ref14]\] the following formula was used for calculating the sample size:

![](NH-19-200-g001.jpg)

As a result, based on the aims of the study, 15 groups were considered. Three rats were placed in each group, hence having a general sample of 45 rats.

Preparing the water consumed by rats with various levels of potassium {#sec2-5}
---------------------------------------------------------------------

In this study, the same water (consisting of bicarbonate, calcium, sulfate, magnesium, sodium, fluoride, nitrate, chloride, phosphate, and ammonium) was consumed in all groups. The only ingredient of the water that was manipulated based on the aim of the study was the level of potassium. According to the national standard of Iran (Standard 1053, the features of drinking water) and the standards proposed by the World Health Organization, the maximum allowable level of potassium in drinking water is 10 mg/L.\[[@ref22][@ref23]\] In the current study, the potassium level of the water was between the minimum (0.1 mg/L) and maximum (8 mg/L) allowable concentrations. To make sure that the rats would drink the water, it was put in rat's access for 12 h before the beginning of the experiment. The effect of potassium on aldosterone level would be measured through a more reliable procedure.

Organization of experimental groups {#sec2-6}
-----------------------------------

In this study, 45 rats were randomly assigned to 15 groups, each one containing three rats. Aldosterone level in each group was measured after the conditions explicated below. The status of each group (control and case) has been explained in the following sections.

### Control group {#sec3-1}

The control groups (which consisted of three groups of rats) were exposed to a background noise of 65 dBA. Also the potassium concentration of the water they used was 0.1 mg/mL. At the beginning of the experiment, the serum aldosterone concentration of rats in control groups was measured. The same measurement was conducted after 3 and 8 h of starting the experiment. It should be noted that the SPL (the background noise of 65 dBA) was created by the ventilation system which had been installed in the place where rats were kept.

### Case group {#sec3-2}

The rats in the case group were exposed to SPLs of 85, 95, and 105 dBA. The sound to which they were exposed was white noise. Also the drinking water had two potassium levels: 0.1 and 8 mg/L. The features of the 12 subgroups of the case group are illustrated in [Table 1](#T1){ref-type="table"}.

###### 

Different subgroups of rats in the case group

  Sound pressure level (dBA)   Potassium level (mg/mL)   Exposure time (h)
  ---------------------------- ------------------------- -------------------
  85                           0.1                       3
  8                                                      
  8                            3                         
  8                                                      
  95                           0.1                       3
  8                                                      
  8                            3                         
  8                                                      
  105                          0.1                       3
  8                                                      
  8                            3                         
  8                                                      

Measurement {#sec2-7}
-----------

### Noise {#sec3-3}

The SPL in the four-cell chamber was measured by the use of a sound level meter (model CEL-440, CASELLA CO., Western New York, USA). This machine is equipped with octave parser and is, thus, able to show the SPL in octave band centers. Before using the machine, we calibrated it by the CEL-282 calibrator (model CEL-440, CASELLA CO., Western New York, USA). In each cell of the chamber, SPL was randomly measured in different spots.

### Rats' serum aldosterone {#sec3-4}

To measure rats' serum aldosterone, they must first be anesthetized. To do so, two drugs, namely, ketamine and xylazine, were used. The two drugs were mixed with a ratio of 60 to 40% and were injected into the rats. Blood samples of 3 mL were directly collected from the animal's heart using the syringes. The collected samples were put in labeled test tubes that contained anticoagulant (EDTA). They were immediately transferred to one of the accredited medical diagnostic laboratories under controlled conditions (ice box). In the laboratory, the level of aldosterone was assessed through the ELISA protocol, which is a reliable, sensitive, replicable, speedy, and specialized procedure.\[[@ref24]\]

Statistical analysis {#sec2-8}
--------------------

The collected data were analyzed by the use of Statistical Package for Social Sciences (SPSS) version 18 (SPSS, Inc., Chicago, Illinois, USA). Descriptive data analysis procedures, such as mean, standard deviation, and frequency, were used to summarize the data. Furthermore, Shapiro--Wilk test was used to check the normality of distribution. As the data were collected in several occasions over the course of time, repeated measurements analysis of variance (ANOVA) was applied to test the research hypotheses. It should be noted that before using this analytical procedure, we made sure that all its preassumptions were met. To see if there was any significant difference among various groups, both within and between groups one-way ANOVA were run. Subsequently, Tukey, which is a *post hoc* test, was used to see which mean differences among various groups were statistically significant. The *P* value was considered to be less than 0.05.

Ethical considerations {#sec2-9}
----------------------

The ethical considerations of this research were approved by the Ethics Committee of Tehran University of Medical Sciences) ID: 1394.5). Moreover, all the principles of the Declaration of Helsinki about conducting experiments on laboratory animals were observed.

R[esults]{.smallcaps} {#sec1-3}
=====================

Results of measuring serum aldosterone level in rats {#sec2-10}
----------------------------------------------------

The average concentration of serum aldestrone among rats in the control group at the beginning of the experiment was 613.33 ± 15.27 pg/mL. The average concentrations of serum aldestrone among these rats were 616.67 ± 10.40 and 603.33 ± 26.18 pg/mL, respectively, after 3 and 8 h of starting the experiment (exposure).

[Figure 1](#F1){ref-type="fig"} shows changes in the mean level of rats' serum aldosterone in the case groups as a result of being exposed to white noises of 85, 95, and 105 dBA and consumed water with a 0.1 mL/L level of potassium. The changes were recorded after 3 and 8 h of exposure to noise.

![A comparison of different levels of rats' serum aldosterone in the various sound pressure levels and the water contained 0.1 mg/L of potassium (K)](NH-19-200-g002){#F1}

[Figure 2](#F2){ref-type="fig"} indicates the variation in the mean level of rats' serum aldosterone in the case groups as a result of being exposed to white noises of 85, 95, and 105 dBA and consumed water with an 8-mg/L level of potassium. The variation was registered after 3 and 8 h of exposure to noise.

![A comparison of different levels of rats' serum aldosterone in the various sound pressure levels and the water that contained 8 mg/L of potassium (K)](NH-19-200-g003){#F2}

Comparing the relationship between sound pressure level and aldosterone level in various groups {#sec2-11}
-----------------------------------------------------------------------------------------------

One-way ANOVA was used to investigate the relationship between potassium level and exposure time in various groups based on different SPLs. [Table 2](#T2){ref-type="table"} contains the results.

###### 

Investigating the relationship between potassium level and exposure time based on various sound pressure levels

  Potassium level (mg/L)   Exposure time (h)   Sum of squares   Degree of freedom   Mean square   *F*       *P* value   
  ------------------------ ------------------- ---------------- ------------------- ------------- --------- ----------- -------
  0.1                      3                   Between groups   13,048.66           2             6524.33   12.43       0.007
  Within groups            3149.33             6                524.88                                                  
  8                        Between groups      2552.66          2                   1276.33       4.31      0.06        
  Within groups            1773.33             6                295.55                                                  
  8                        3                   Between groups   4120.88             2             2060.44   16.21       0.004
  Within groups            762.66              6                127.11                                                  
  8                        Between groups      21,510.22        2                   10,755.11     43.40     \<0.001     
  Within groups            1486.66             6                247.77                                                  

The results of the Tukey test indicated that there was no statistically significant difference between the three control groups' mean level of serum aldosterone.

With regard to the case groups, which consumed water with 0.1 mg/L of potassium and were exposed to SPLs of 85, 95 and 105 dBA, Tukey test yielded the following results:(1)After 3 h of exposure, there was a significant difference in the serum aldosterone mean level of the group exposed to the SPL of 105 dBA and those of the groups exposed to the SPL of 85 and 95 dBA (*P* = 0.01). However, no significant difference was observed in the mean level of serum aldosterone between 85 and 95 dBA (*P* = 0.091).(2)After 8 h of exposure, no significant difference was observed in the mean level of serum aldosterone of the groups exposed to SPLs of 85, 95, and 105 dBA.

In the case groups, which were exposed to SPLs of 85, 95, and 105 dBA and the water with 8 mg/L of potassium, the following results were obtained:(1)After 3 h of exposure, a significant difference was observed in the mean level of serum aldosterone of the group exposed to the SPL of 105A dB and those of the rats exposed to SPLs of 85 and 95 dBA. However, no significant difference was observed in the mean level of serum aldosterone of the groups exposed to SPLs of 85 and 95 dBA (*P* = 0.095).(2)After 8 h of exposure, a significant difference was observed in the mean level of serum aldosterone of the group exposed to the SPL of 105 dBA and those of the groups exposed to SPLs of 85 and 95 dBA. However, no significant difference was observed in the mean level of serum aldosterone of the rats exposed to SPLs of 85 and 95 dBA (*P* = 0.096).

The results obtained from ANOVA test showed that there was a significant difference between various SPLs in terms of rats' serum aldosterone level (*P* \< 0.001).

The results of the statistical model of serum aldosterone level in rats {#sec2-12}
-----------------------------------------------------------------------

The statistical model of rats' serum aldosterone when exposed to the water with 0.1 mg/L of potassium as well as 3 and 8 h of noise

Aldosterone (pg/mL) = 382/87 + 2/60 SPL + 25/66 Time 3

For 8 h of exposure, Time 3 = 0, whereas for 3 h of exposure, Time 3 = 1.

Time = exposure time (h)

SPL = sound pressure level (dB)

The statistical model of rats' serum aldosterone when exposed to the water with 8 mg/L of potassium as well as 3 and 8 h of noise

Aldosterone level (pg/mL) = 311/22 + 3/73 SPL-12/11 Time 3

For 8 h of exposure, Time 3 = 0, whereas for 3 h of exposure, Time 3 = 1.

Time = exposure time (h)

SPL = sound pressure level (dB)

The finalized model of serum aldosterone level based on the combined effect of SPL, exposure time, and potassium level of the used water

Aldosterone level (pg/mL) = 489/26 + 12/14 K + 1/8 SPL−1/99 Time

K = potassium level (mg/L)

SPL = sound pressure level (dB)

Time = exposure time (h)

In this model, the combined effect of these three factors (potassium, SPL, and exposure time) on the level of serum aldosterone is 44.9%.

D[iscussion]{.smallcaps} {#sec1-4}
========================

In this study, 45 rats were randomly assigned to 15 groups of four (three control groups and 12 case groups). Aldosterone level was measured in the three control groups which were exposed to the SPL of 65 dBA) and 12 case groups (which were exposed to the SPLs of 85, 95, and 105 dBA). The increase in the potassium level in the extracellular fluid leads to a significant growth of aldosterone secretion.\[[@ref25]\] Therefore, rats in the case group were exposed to two types of water with different potassium levels (0.1 and 8 mg/L). We were interested in investigating the effect of potassium level in water at the level of rats' serum aldosterone.

One-way ANOVA test was used to study the relationship between various SPLs and aldosterone levels in different groups in both between and within groups. The same data analysis procedure was also used to find the relationship between exposure time and aldosterone level in various groups.

The results of the data analysis revealed that various SPLs were significantly different in terms of the level of aldosterone (*P* \< 0.001). Furthermore, the results of the *post hoc* test (Tukey) showed that there was no significant difference in the serum aldosterone level of SPLs of 65, 85, and 95 dBA. However, a significant discrepancy was detected between the SPL of 105 dBA, on one hand, and the SPLs of 65, 85, and 95 dBA, on the other hand (*P* \< 0.001).

In addition, the results indicated that SPL had a significant effect on aldosterone level when rats drank the water with the potassium levels of 0.1 and 8 mg/L. The exposure time, in contrast, had no measurable influence on aldosterone level. This lack of significant impact of exposure time may be partially explained in the light of rats' sound conditioning. On the other hand, in the final presented model of the level of rats' serum aldosterone, which is a combination of potassium level, SPL, and exposure time, it was found that these three factors (potassium, SPL, and exposure time) in total had an effect of 44.9% on the level of serum aldosterone. Moreover, SPL had a significant influence on serum aldosterone level in the finalized model (*P* \< 0.001). On the contrary, potassium and exposure time did not have any considerable impact in the finalized model (*P* = 0.25, 0.39).

The findings of the present study are in line with those of Ising *et al.* \[[@ref26]\] who found that noise results in aldosterone secretion because it is a source of stress.

The examination of the obtained models in this study showed that the results of the predicted models for measuring rats' aldosterone level are very much close to the real values; that is, the values obtained from these models are very similar to the ones obtained in the laboratory.

Song *et al.* \[[@ref14]\] studied the relationship between serum aldosterone level and exposure to the noise of 120 dBA among rats. In their study, they divided the rats into three groups (one control and two case groups), with each group consisting of three rats. The control group was not exposed to noise, whereas the case groups were exposed to the noise of 120 dBA. The rats in the case groups were exposed to noise for 3 h each day. The level of aldosterone in the three groups (one control and two case groups) was measured at the beginning of the experiment, 3 h later, and 3 days later. The results displayed that there was a significant difference in the aldosterone level before and after exposure to noise.\[[@ref14]\] The results of the current study revealed that there is no change in the level of serum aldosterone after exposure to SPLs of 65, 85, and 95 dBA. However, this level significantly goes up as a result of exposure to the noise of 105 dBA. In addition, exposure time has no significant influence on aldosterone level. As the level of serum aldosterone is significantly influenced by SPL, serum aldosterone can be regarded as a biomarker against exposure to noise. The current study has three innovations:(1)Investigating the effect of various SPLs (65, 85, 95, and 105 dBA) on the level of serum aldosterone.(2)Investigating the effect of the level of potassium in the used water (0.1 and 8 mg/L) on the level of rats' serum aldosterone.(3)Presenting a statistical model for measuring the level of serum aldosterone based on the combined effect of SPL, exposure time, and the potassium level of the used water.
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